(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




■ill 



EP 1 287 843 A2 



(12) 



EUROPEAN PATENT APPLICATION 



(43) 


Date of publication: 


/ch\ i nt n 7. A61 M 16/00 

1 3 11 lilt ul. . r^\J 1 IVI ■ V# W 




n*% ni 9nni Ruii^tin 2003/10 






Application number: 02255487.7 






nata of fillna* 06 08 2002 




(84) 


Designated Contracting States: 


* nriasnaK, James re. 




AT BE BG CH CY CZ DE DK fce ES rl PR Go QR 


Clin Drnlrlo Wl fl IQ\ 

oun irairie, wi [uo| 




IE IT LI LU MC NL PT SE SK TR 


• Rick, Norman A. 




Designated Extension States: 


nit. HoreD, Wl (US) 




AL LT LV MK RO SI 


• Tham, Robert Q. 






Middleton, Wl (US) 


(30) 


Priority: 07.08.2001 US 924148 


• Tobla, Ronald L. 


Sun Prairie, Wl (US) 


(71) 


Applicant: Datex-Ohmeda Inc. 






Madison, Wisconsin 53707 (US) 


(74) Representative: 




Hedley, Nicholas James Matthew et al 


(72) 


Inventors: 


Kilburn & Strode 


• 


Blair, Mark S. 


20 Red Lion Street 




Verona, Wl (US) 


London WC1R4P J (GB) 


• 


Braatz, Robert E. 






Sun Prairie, Wl (US) 





(54) Remote control and tactile feedback system for medical apparatus 



(57) A remote control and tactile feedback system 
for a medical apparatus, such as a patient ventilator 
(20). The ventilator (20) provides a signal having aprop- 
erty (62) indicative of a desired parameter, such as air- 
way pressure or tidal volume. The system has a member 
(50) suitable for being received in the hand of a user, 
such as a clinician. A movable trigger (54) is suitable for 



being engaged by the fingers of the user. An electrical- 
mechanical, pneumatic, or hydraulic force-applying el- 
ement Is coupled to the trigger (54) for applying a force 
to the fingers of the user responsive to the parameter 
signal (62). A tactile sensation of the desired parameter 
is thus provided to the user. The trigger is coupled to a 
signal generator for providing a control signal (58) to the 
ventilator. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a system pro- s 
viding remote control to medical apparatus, such as a 
respiratory ventilator for a patient. The system also pro- 
vides a tactile expression of a parameter relating to a 
patient or a medical apparatus to a user of the appara- 
tus. For example, the system may provide a tactile indi- 
cation of a breathing characteristic of a patient connect- 
ed to a ventilator to a clinician using the system. 
[0002] In one aspect of the system of the present in- 
vention, a manual member has a handle with a move- 
able, trigger-like member. The handle and trigger are 
gripped by the user. When the trigger Is squeezed by 
the user, a signal generator is operated to provide a con- 
trol signal, through a cable or other suitable means, to 
the ventilator for use in controlling the apparatus. For 
example, the control signal may be used to control the 
supply of breathing gases to a patient. 
[0003] Medical equipment, such as a ventilator, in- 
cludes sensors providing signals corresponding to var- 
ious parameters relating to a patient or the apparatus. 
In another aspect of the invention, a signal correspond- 
ing to a parameter, for example patient airway pressure, 
may be returned, or fed back, from the apparatus to a 
manual member having a trigger. The feedback signal 
drives an actuator for the trigger to cause the trigger to 
exert a force on the fingers of the user that indicates to 
the user the breathing characteristic of the patient. 
[0004] In a preferred embodiment of thesystem, asln- 
gle manual member is used for both control and feed- 
back purposes. 

[0005] Respiratory ventilators provide breathing gas- 
es to a patient via a breathing circuit. The breathing cir- 
cuit typically has an inspiratory limb and an expiratory 
limb. One end of each of the inspiratory and expiratory 
limbs are connected to the ventilator. The other ends 
are connected to a Y-connector and through a patient 
limb to the patient. Pneumatic elements in the ventilator 
periodically provide breathing gases to the patient 
through the inspiratory limb during inhalations. On expi- 
rations, the breathing gases are discharged from the 
lungs of the patient into the expiration limb. Controls in 
the ventilator establish parameters, such as breaths/ 
minute, tidal volume, maximum pressures, etc. that 
characterize the ventilation provided to the patient by 
the ventilator. 

[0006] A patient may also be manually ventilated by 
means of a flexible container or "bag" provided on the 
ventilator. The bag is filled with breathing gases and 
manually squeezed by a clinician to provide breathing 
gases to the patient Use of the bag, or "bagging the 
patient," is often required or preferred by clinicians as it 
enables the clinician to physically control the delivery of 
breathing gases to the patient. Equally important, the 
feel of the bag as it is manipulated by the clinician ena- 



bles the clinician to sense conditions in the lungs and 
respiration of the patient. In the hands of a skilled clini- 
cian, subtle characteristics and/or changes in the lungs 
and respiration can be sensed. It is difficult or impossible 
to obtain this type of feedback information when me- 
chanical ventilating apparatus provides the breathing 
gases. 

[0007] For the foregoing reasons, patients are often 
bagged during surgical procedures when anesthesia is 
induced in the patient by entraining an anesthetic in the 
breathing gases. Another environment in which patients 
are often bagged is in an intensive care unit. 
[0008] However, if bagging is carried out for a long 
time, it becomes fatiguing to the clinician lessening both 
the fineness of the control of breathing gas supply and 
the sensing of lung or other respiratory conditions af- 
fecting the subject. 

[0009] Also, the bag is usually positioned at a fixed 
location on the ventilator. This restricts the degree to 
which the clinician, when bagging a patient, can move 
about the patient, for example, to observe a surgical pa- 
tient positioned in a manner appropriate to the surgery 
to be performed. The same is true when the pneumatic 
elements of the ventilator, rather than the bag, are pro- 
viding the breathing gases to the patient since the con- 
trols necessary to operate the pneumatic elements are 
placed at a fixed location on the ventilator. 

SUMMARY OF THE PRESENT INVENTION 

[0010] It is, therefore, an object of the present inven- 
tion to provide a system that enables a clinician, or other 
user to remotely control medical apparatus, such as a 
ventilator. The invention may also remotely provide a 
tactile sensory indication of a parameter, such as a res- 
piratory parameter of a patient connected to a medical 
apparatus. 

[0011] The fact that the system is remote, allows the 
clinician, or other user for the system to move with re- 
spect to the apparatus to which the system is connected 
and with respect to a patient being treated by the appa- 
ratus, thereby to improve the effectiveness of care pro- 
vided to the patient. 

[0012] In applications involving a respiratory parame- 
ter, the system of the present invention provides a con- 
trol operation and feedback sensation resembling that 
experienced by a clinician when manually feeling the 
bag. This enables the clinician to sense and control con- 
ditions in the patient in a highly effective manner. How- 
ever, the system of the present invention avoids the fa- 
tigue incurred with manually bagging the patient. The 
sensing and control provided by the present invention 
can be enhanced by adjusting the sensitivity and linear- 
ity between the control and feedback signals and the 
resulting control action and tactile sensation generation. 
This enables an optimal relationship to be established 
between user input and ventilation delivery for a partic- 
ular patient. 
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[0013] While the foregoing has described the present 
invention in connection with sensing ventilation param- 
eters, it may also be used to provide a tactile feedback 
of other parameters. For example, the system may be 
used to provide a tactile indication of the cardiac prop- s 
erties, such as blood pressure or pulse rate. 
[0014] Briefly, the present invention provides a re- 
mote feedback system for providing a tactile expression 
of a characteristic of a parameter of an apparatus to 
which the system is connected. The apparatus provides 
a feedback signal indicative of the parameter. The sys- 
tem typically includes a member having a moveable trig- 
ger. An electro-mechanical, or fluidic force applying ac- 
tuator, such as a linear motor, is coupled to the trigger. 
The feedback signal is provided to the actuator by a 
communication means, such as a cable or telemetry 
link. When the member and trigger are gripped by the 
user, the forces exerted on the fingers of the user by the 
trigger, as the trigger is driven by the actuator, are an 
indication of a characteristic of the parameter of the ap- 
paratus. 

[001 5] By providing the system with a potentiometer, 
or other signal generator, operated by the trigger, the 
system can also provide a signal to control the operation 
of ventilator apparatus via the communication means. 
[0016] Various other features, objects, and advantag- 
es of the invention will be made apparent from the fol- 
lowing detailed description and the drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

[0017] The Invention will be further understood from 
the following detailed description taken in conjunction 
with the drawing. 
[0018] In the drawing; 

Fig. 1 shows a basic embodiment of the remote con- 
trol and tactile feedback system of the present in- 
vention in use with medical apparatus comprising a 
ventilator; 

Fig. 2 is a schematic diagram of the system of the 
present invention in conjunction with ventilator ap- 
paratus; 

Fig. 3 shows one embodiment of a manual member 
of the system having elements providing a mechan- 
ically generated tactile feedback sensation to a us- 
er; 

Fig. 3A shows a modification of the manual member 
having elements for remotely controlling the appa- 
ratus to which the manual member is connected; 
Fig. 3B shows a further embodiment of a manual 
member; 

Fig. 4 shows a manual member having a fluid op- 
erated means for generating a tactile indication of 
a parameter; 

Fig. 5 shows a modification of the manual member 
of the system of the present invention to include a 
display and a base; 



Fig. 6 shows another embodiment of elements for 

providing a tactile feedback sensation; 

Fig. 7 shows a further modification of the manual 

element to Include a pressure operated element; 

and 

Fig. 8 shows an embodiment of the system having 
a plurality of manual members. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0019] Medical apparatus suitable for use with the 
system of the present invention Is shown in Fig. 1 as 
ventilator 20 Incorporated In an anesthesia machine. 
Ventilator 20 has connectors 22 and 24 suitable for con- 
nection to the Inspiratory and expiratory limbs of a 
breathing circuit leading to a patient, as diagrammati- 
cally shown in Fig. 1. Ventilator 20 provides breathing 
gases to the patient in the inspiratory limb of the breath- 
ing circuit and receives gases expired by the patient in 
the expiratory limb. 

[0020] Ventilator 20 is provided with bag 26 for man- 
ually bagging the patient. Switch 28 is operated to allow 
bag 26 to provide breathing gases to the patient. 
[0021] Ventilator 20 receives inputs from sensors as- 
sociated with the patient and/or ventilator 20. The data 
contained in these inputs may be displayed on patient 
monitor 30. Data relating to the sensed parameters is 
also provided to terminal 32. Typical data outputs are 
shown as patient airway pressure P aw , tidal volume V T , 
breathing gas flow rate Q, pulse rate, blood pressure, 
and arterial blood oxygen saturation Sa0 2 parameters. 
[0022] Fig. 1 also shows member 50 of the remote 
control and tactile feedback system of the present in- 
vention. As shown generally in Fig. 1, member 50 in- 
cludes grip or handle 52 suitable for received in the hand 
of a clinician or other user. Trigger 54 is mounted in han- 
dle 52 so that the fingers of the user may extend around 
the exposed edge of the trigger. Trigger 54 pivots with 
respect to handle 52. Member 50 may be coupled to an 
apparatus, such as ventilator 20, by cable 56. 
[0023] Member 50 may be provided with a switch 60 
connected, via conductors in cable 56, to apparatus 20 
to remotely control apparatus 20 as indicated diagram- 
matical ly at 58 in Fig. 1. Actuation of switch 60 may carry 
out a desired operation of the ventilator. For example, 
repetitive actuation of switch 60 will cause the ventilator 
to provide a given quantity of breathing gases to the pa- 
tient each time the switch is actuated. 
[0024] In a preferred embodiment of the invention, de- 
scribed in detail, below, a signal generator is connected 
to trigger 54 and movement of the trigger by the fingers 
of the operator provides a control signal to remotely con- 
trol the ventilator. The signal generator may, for exam- 
ple, comprise a switch, a potentiometer or a rheostat. 
Switch 60 may then comprise an on-off switch to cause 
ventilator 20 to be operated in the ordinary manner or 
under the control of member 50. 
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[0025] Cable 56 also contains a conductor providing, 
or feeding back, a signal corresponding to one of the 
parameters outputted by apparatus 20. In the example 
shown In Fig. 1 , patient airway pressure P aw is fed back, 
as diagrammatically indicated at 62. The signal corre- 
sponding to parameter 62 is provided to a tactile feed- 
back generator or actuator in member 50 for trigger 54 
that applies corresponding force to the fingers of the us- 
er holding member 50. This provides a tactile indication 
or impression to the operator of the parameter that is 
fed back from the medical apparatus. 
[0026] With member 50 coupled to apparatus 20 via 
cable 56, it will be appreciated, that the clinician or other 
user can move about the apparatus and patient to a de- 
sired location, while at the same time maintaining con- 
trol over the operation of ventilator 20 and receiving the 
tactile feedback corresponding to a desired parameter. 
[0027] Fig, 2 shows a schematic diagram of member 
50 in conjunction with an apparatus 20 comprising a 
ventilator for a patient. Ventilator 20 includes electronic 
control circuitry 70 that operates ventilator pneumatic 
circuitry 72. Pneumatic circuitry 72 comprises a source 
of pressurized gas that provides breathing gases in in- 
spiratory limb 74 of a patient breathing circuit 76. Pneu- 
matic circuitry 72 may provide breathing gases directly 
to the lungs of the patient, as in a typical critical care 
application. Or, a driving gas provided by pneumatic cir- 
cuitry 72 may compress a bellows containing the breath- 
ing gases which, in turn, supplies the gases to the pa- 
tient, as in a typical anesthesia application. The breath- 
ing gases pass through Y-connector 78 to patient limb 
80 for supply to the patient. The breathing gases are 
returned to ventilator 20 in expiratory limb 82. In the em- 
bodiment shown in Fig. 4, pressure sensor 84 provides 
an airway pressure P aw signal in conductor 86 to venti- 
lator control electronic circuitry 52. The signal in con- 
ductor 86 is proportional to the pressure in patient limb 
80 leading to the lungs of the patient. Ventilator control 
electronic circuitry 70 may include monitor 30 that pro- 
vides a numeric or graphic display of patient airway 
pressure P aw as well as other patient or apparatus pa- 
rameters. The signal from airway pressure sensor 84 is 
also provided in conductor 88 of cable 56 to member 50. 
The signal in conductor 88 is supplied to tactile feedback 
generator90to operate trigger 54 in a manner to provide 
a tactile expression of the magnitude of the patient air- 
way pressure P^, to the fingers of the user engaging 
trigger 54. 

[0028] Cable 56 also includes conductor 92 connect- 
ed to control signal generator 94 for use in controlling 
ventilator 20. As noted above, control signal generator 
may comprise switch 60 or a signal generator, such as 
a potentiometer, operable by trigger 54. 
[0029] Fig. 3 shows one construction for member 50. 
Member 50 includes switch 60 connected to conductor 
92 for controlling ventilator 20 or for turning the system 
on or off. Trigger 54 is affixed to shaft 100 that is jour- 
naled in handle 52. Arm 102 extends from shaft 100. 



Electromagnetic actuator 104 comprises armature 106 
extending from a coil of wire in the actuator. The coil 
surrounds armature 106 and is connected to conductor 
88. The exposed end of armature 106 is connected via 
5 spring 1 08 to arm 1 02 to form the tactile feedback gen- 
erator 90 shown in Fig. 2 

[0030] When actuator 104 is energized by the feed- 
back signal from apparatus 20 in conductor 88, arma- 
ture 1 06 is drawn into the coil of wire in the actuator 1 04 
10 in the well known manner of a solenoid, as shown by 
the arrow in Fig. 3. This movement exerts a force on the 
end of arm 102 tending to cause trigger 54 to rotate in 
the clockwise direction also as shown in Fig. 3. When 
member 50 is held in the hand of a user, with handle 22 
is in the palm of the user's hand and the fingers of the op- 
erator extending around the trigger 24, as shown in Fig. 
1 , the force urging the clockwise rotation of trigger 54 
will be felt as a tactile sensation on the inner surfaces 
of the fingers of the user. The magnitude of the sensa- 
20 tion will be proportional to the degree of actuation of the 
coil of actuator 1 04 and hence the magnitude of the sig- 
nal in conductor 88 and the sensed parameter. The ex- 
perience to the clinician or other user will thus resemble 
that of manipulating a ventilator bag so that the user has 
25 a "feel' of the ventilation being provided to a patient. 
[0031] As noted above, switch 60 in member 50 may 
be used to render member 50 operative or as inopera- 
tive. Or, switch 60 may be used to operate apparatus 
20, for exampie, to deliver a preset volume of breathing 
30 gas to the patient connected to the ventilator over a giv- 
en period of time. Or, switch 60 can be used to select 
the parameter that is to be Indicated in a tactile manner. 
For example, the switch may be used to operate circuitry 
located in member 50 or apparatus 20 to select tidal vol- 
ume V T as the monitored parameter for which a tactile 
expression is provided. Switch 60 may be of any type 
suitable for the desired purpose, such as a thumbwheel 
switch, a sliding switch, or a rotary switch. 
[0032] In another embodiment of member 50, the con- 
trol element may be mounted in member 50 in a manner 
such that it can operated when the trigger 54 is moved 
into member 52 when the user squeezes trigger 54. For 
this purpose, a rotary switch, such as switch 60a, may 
be mounted on shaft 1 00, as shown in Fig. 3A. When 
trigger 54 is squeezed by the hand of the user, the trigger 
is moved in the counter clockwise direction shown in Fig. 
3A, to operate the switch. 

[0033] Fig. 3B shows a further modification of mem- 
ber 20 in which the wiper of potentiometer 1 1 0 is coupled 
to shaft 100. Potentiometer 110 provides a variable 
magnitude signal in conductors 92 that is proportional 
to the movement of trigger 54. This enables member 50 
to provide a variable control action in apparatus 20. 
[0034] In the operation of member 50 shown in Fig. 
3B, member 50 is placed, as described above, in the 
hand of the user with the handle 52 resting in the palm 
and the fingers extending around trigger 54. The user 
squeezes trigger 54. This rotates trigger 54 in the coun- 
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ter clockwise direction, when the trigger is viewed as In 
Fig. 3B. It also rotates shaft 100, and the wiper of po- 
tentiometer 110 to provide a signal in conductors 92 to 
the ventilator control circuitry 70 via cable 56. The mag- 
nitude of the signal provided to circuitry 70 is proportion- 
ai to the rotary movement or displacement of trigger 54. 
Control circuitry 70 operates ventilator pneumatic cir- 
cuitry 72 to provide a flow of breathing gases from ven- 
tilator 20 into inspiratory iimb 74 to the patient. 
[0035] Pressure sensor 84 provides a signal in con- 
ductor 86 corresponding to the airway pressure P aw in 
patient limb 80 resulting from the breathing gas flow. 
This signal is provided via cable 56 and conductor 8B to 
tactile feedback generator 90, such as electromagnetic 
actuator 104, in member 50. In the manner described 
above, this operates actuator 104 to urge trigger 54 In 
the clockwise direction of rotation when viewed as in Fig. 
1 . A force will be felt by the fingers of the user engaged 
with the trigger 54. The greater the patient airway pres- 
sure P aw , the greater will be the force felt by the user. 
The magnitude of the tactile sensation incurred by the 
user thus provides a feedback indication of the magni- 
tude of the patient airway pressure P aw in the manner 
of a ventilator bag. 

[0036] To terminate the inspiratory phase of the res- 
piratory cycle, the user releases trigger 54, allowing it 
to rotate in the counterclockwise direction when viewed 
as in Fig. 1 . This reduces the magnitude of the signal in 
conductors 92 to ventilator control electronic circuitry 70 
and causes ventilator pneumatic circuitry 72 to cease or 
reduce supplying breathing gases to the patient. This 
allows the expiratory phase of the respiratory cycle to 
commence. During the expiratory phase, airway pres- 
sures of the patient will fall. This will reduce the magni- 
tude of the signal in conductor 88 to tactile feedback 
generator 90. This will correspondingly reduce the force 
applied to trigger 54 by actuator 1 04 so that the user has 
a tactile sense that the airway pressure of the patient 
has decreased. If desired, trigger 54 may be only par- 
tially released so as to provide a positive end expiratory 
pressure (PEEP) or other desired ventilation protocol in 
the lungs of the patient. 

[0037] It will be appreciated from the foregoing expla- 
nation, that member 50 shown in Fig. 3B thus operates 
in a manner analogous to the conventional bag provided 
on a ventilator. That is, by squeezing trigger 54, a clini- 
cian can deliver breathing gases to the patient. This re- 
sembles manually squeezing the ventilator bag. Tactile 
feedback generator 90 provides a resistance or a coun- 
tering force on trigger 54 that corresponds to the resist- 
ance and characteristics of the breathing bag felt by the 
clinician when manipulating the bag. 
[0038] In a preferred embodiment of the invention, the 
system of the present invention may be arranged, by 
appropriate elements in member 50 or apparatus 20 to 
establish the flow rate of the breathing gases to the pa- 
tient proportional to the amount of rotation or angular 
displacement of trigger 54. This may be accomplished 



by linear amplification components in control generator 
94, ventilator control electronic circuitry 70 and/or ven- 
tilator pneumatics 72. This approach provides an easy 
way for the clinician to establish both the flow rate and 
s the volume of breathing gases delivered to the patient. 
The delivered volume is the amount of displacement, i. 
e., flow rate, multiplied by the time during which the flow 
rate occurs. As the patient airway pressure and tactile 
feedback increases during inspiration, the clinician will 
10 have to increasingly apply more force to trigger 54 in 
order to maintain a given breathing gas flow. 
[0039] Alternately, the breathing gas flow rate may be 
made proportional to the rate of change of displacement 
of trigger 54. In this approach, the faster trigger 54 is 
is moved, the greater the breathing gas flow rate to the 
patient. In order to maintain a breathing gas flow to the 
patient, the trigger must continue to be moved. This em- 
bodiment is directly analogous to the conventional ven- 
tilator bag. That is, in order to get a continuous flow of 
20 breathing gases from the bag to the patient, the clinician 
must continually squeeze the bag. If the clinician stops 
squeezing the bag, the flow of breathing gases stops. 
And further in the manner of a bag, as the patient airway 
and tactile feedback Increases as a result of breathing 
25 gas flow to the lungs of the patient, the clinician will have 
to squeeze trigger 54 harder in order to maintain a given 
flow of breathing gases to the patient. The action also 
resembles that of a bag. 

[0040] To obtain this mode of operation, a differentia- 
30 tor, or time-derivative, component may be used in.con- 
nection with the signal in conductor 92. An operational 
amplifier having a capacitor in the Input for conductor 
92 may be employed. 

[0041] While the system of the present invention has 
35 been described as using control signal generator 90 to 
control the flow or volume of breathing gases delivered 
to the patient, it will be appreciated that it may be used 
to control the pressure of the breathing gases if this 
mode of ventilation is desired. 
40 [0042] By appropriate circuitry/software in member50 
or in ventilator control circuitry 70, the sensitivity of the 
control action provided by control signal generator 94, 
such a potentiometer 1 1 0, and the feedback action pro- 
vided by tactile feedback generator 90 can be adjusted. 
^5 Adjustable gain amplifiers maybe used for this purpose. 
This facilitates the ventilation of patients having differing 
physiologies or anatomies, for example, a patient with 
stiff, non- compliant lungs, or a pediatric patient having 
very small lung volume. The sensitivity of the control ac- 
so tion carried out responsive to the signal in conductors 
92 from control signal generator 94 can be different from 
the sensitivity of the tactile feedback provided by tactile 
feedback generator 90 to trigger 54. For example, when 
the patient is an infant it may be desirable to have a low 
55 sensitivity for control signal generator 94 so that a large 
input signal to control circuitry 70 provides a relatively 
small amount of ventilation commensurate with the 
small lungs of the infant At the same time, a high sen- 
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sitivity is provided in tactile feedback generator 90 so 
that relatively low airway pressure produces a relatively 
large tactile feedback response. For an adult patient, 
control signal 90 may have a high sensitivity to reduce 
the effort required by the user to move the relatively 
large amount of breathing gases needed for adult pa- 
tients. The ability to adjust the sensitivity of the tactile 
feedback generator and the control signal generator en- 
ables an optimal user input to ventilation delivery rela- 
tionship for a particular patient to be established. 
[0043] Also, by appropriate circuitry/software, the 
sensitivity of either or both of control and feedback ac- 
tion can be made linear or non-linear, or a combination 
of the two, over the operating range of the system. Thus, 
it may be desirable to have the tactile feedback sensa- 
tion provided to the user increase as a function of patient 
airway pressure to provide greater sensitivity at higher 
pressures. 

[0044] While Fig. 3 shows the use of a linear actuator 
for actuator 1 04, it will be appreciated that a rotary ac- 
tuator, such as an electric motor having a torque arm on 
the output shaft could also be used to provide the de- 
sired tactile sensory indication. 
[0045] Also, while Figs. 3, 3A, and 3B show use of an 
electromagnetic actuator 104, 106 as tactile feedback 
generator 90 it will be appreciated that other devices can 
be used, if desired. Fig. 4 shows the use of an actuator 
employing a fluid, such as a gas or liquid. For this pur- 
pose, cable 56 includes a tube 1 20 for conveying the 
fluid to a fluid operated actuator 1 22 such as an cylinder 
124 having piston 126 connected to piston rod 128. Pis- 
ton rod 126 Is connected to spring 108 In the same man- 
ner as actuator 1 06 shown in Fig. 3. Tube 1 20 receives 
a pressurized fluid, such as a gas, from ventilator 20 to 
operate actuator 122. The pressure of the fluid as sup- 
plied is proportional to the magnitude of the monitored 
parameter. Or, an expandable bladder that abuts trigger 
54 may be used as a tactile feedback generator. Control 
signal generator 94 may also be a fiuidic device, if de- 
sired. 

[0046] Figs. 1 -3 shows the use of cable 56 to provide 
and receive signals to and from apparatus 20. The elec- 
trical signals may be analog, as generally described 
above. Or, the signals may be digital in which case tac- 
tile feedback generator 90 may be a digital stepper mo- 
tor and control signal generator 94 may be a digital ro- 
tary transducer. 

[0047] The necessary signals to and from member 20 
may also be provided optically, in which case cable 56 
will include one or more optical fibers. Photo-electric de- 
vices in member 50 and ventilator control circuit 70 pro- 
vide the conversion between electrical and optical sig- 
nals. Or, an optical link may use invisible light, such as 
infrared, to provide the necessary communication in 
which case cable 56 may be eliminated. Infrared sen- 
sors and receivers may be utilized in such an embodi- 
ment. 

[0048] Still further, member 50 maybe coupled to ap- 



paratus 20 by a radio communications link, such as a 
telemetry link. 

[0049] Fig. 5 shows an embodiment of the invention 
in which member 50 has display 130. Display 130 may 
s provide a visually perceptible indication of a fedback pa- 
rameter or of a control action being carried out by appa- 
ratus 20. For example, display 130 may show the mag- 
nitude of the patient airway pressure P aw fed back to 
member 50 in conductor88. Or, display 130 may becou- 
10 pled to monitor 30 in apparatus 20 to provide graphic or 
alpha-numeric indication of other information. Rotary 
switch 132 can be used to select the information to be 
shown in display 1 30 and/or to cany out certain settings 
in apparatus 20. 
15 [0050] While the system of the present invention has 
been described above in connection with a respiratory 
parameter, such as patient airway pressure P aw , other 
physiological parameters may be indicated in a tactile 
manner by the system of the present invention. For ex- 
ample, a signal corresponding to the heart rate or pulse 
of the patient may be provided in conductor 88 to tactile 
feedback generator 90. Such a signal comprises a se- 
ries of electrical pulses. The signal will cause tactile 
feedback generator 90 to provide corresponding force 
pulsations on trigger 54 and tactile indications to the us- 
er of the system of the present invention. The sensation 
would be somewhat the same as feeling the pulse of a 
patient at his/her wrist 

[0051 ] It is also possible to provide tactile indications 
of a plurality of parameters. For example, a tactile feed- 
back of heart rate comprised of a series of pulsations 
spaced in time can be superimposed on a tactile feed- 
back of patient airway pressure. 
[0052] Member 50 may be provided with a base 1 50, 
as shown in Fig. 5. The base enables member 50 to 
stand when placed on a flat surface. The base prefera- 
bly extends beyond trigger 54 to avoid inadvertent op- 
eration of member 50 and apparatus 20, should member 
50 topple over. The connection for cable 56 maybe pro- 
vided in base 150. The base 150 may also contain a 
battery pack if necessary or desirable for the operation 
of the remote tactile feedback system. Base 90 may also 
include a heat sink 152 having fins, as shown in Fig. 5 
to reduce any heat build up from actuator 1 04 or similar 
components in member 50. 

[0053] In the alternative, a holster maybe provided on 
the medical apparatus, such as the ventilator, in which 
member 50 is placed when not in use. 
[0054] While the remote tactile feedback system of 
the present invention has been shown in an embodi- 
ment in which member 50 is placed in the hand of a user, 
the system is not so limited. For example, member 50 
could be designed to be placed on the wrist of a user as 
shown in Fig. 6 at 1 60 with a force supplying means 1 62, 
such as actuator 104-armatu re 106, applying pressure 
to the wrist of the user. 

[0055] Member 50 of the present invention has been 
shown in an embodiment in which the tactile feedback 
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aspects and the control aspects are provided in a single 
device, such as member 50. However, ft will be appre- 
ciated that tactile feedback generator and the control 
member maybe physically separate from each other. 
For example, member 50 providing the tactile feedback 
may be held in the hand of an operator while the control 
signal generator may comprise a foot, voice, or eye op- 
erated device. For example, the control signal generator 
may comprise a foot actuated switch or potentiometer. 
Further, while the system has been described above 
showing control signal generator 94 as having a dis- 
placeable element 164, such as trigger 54, the control 
signal generator may comprise a pressure operated el- 
ement, such as a piezoelectric element 164 shown in 
Fig. 7, that senses force applied by the hand, fingers, or 
foot of the user. 

[0056] Fig. 8 shows the system of the present inven- 
tion with an additional manual member 50a. Member 
50a is generally in parallel with member 50 as by a con- 
nection to apparatus 20 in cable 56a, as shown in Fig. 
8, or to member 50 itself. Such an arrangement may be 
used in a teaching setting. For example, an instructor 
may manipulate member 50 and a student holding 
member 50a will be able to also experience the tactile 
feedback resulting from the operation of the medical ap- 
paratus. Or, the student may operate member 50 and 
the instructor can monitor his or her actions with mem- 
ber 50a. 

[0057] It is recognized that other equivalents, alterna- 
tives, and modifications aside from those expressly stat- 
ed, are possible and within the scope of the appended 
claims. 



Claims 

1 . A remote controller for a respiratory ventilator pro- 
viding breathing gases to a patient, said controller 
allowing an operator to move about the ventilator 
and patient while controlling the ventilator, said con- 
troller comprising; 

a control member actuatable by an operator 
to provide a signal for carrying out a control action 
in the ventilator; and 

communication means placing the control 
member in communication with the ventilator in a 
manner that allows the control means for the oper- 
ator to move with respect to the ventilator and pa- 
tient and to be at a distance from the ventilator, said 
communication means communicating said signal 
to the ventilator to control the ventilator. 

2. A remote controller of claim 1 for controlling the flow 
of breathing gases to a patient and wherein said 
control member is further defined as providing a 
breathing gas flow or breathing gas pressure con- 
trol signal. 



3. A remote controller of claim 1 for controlling the flow 
of breathing gases to a patient and wherein said 
control member is actuatable to provide a given vol- 
ume of breathing gases to a patient upon actuation. 

5 

4. A remote controller of claim 1 for controlling the flow 
of breathing gases to a patient wherein said control- 
ler Is further defined as including means to carry out 
a control action of providing a breathing gas flow 

10 magnitude to the patient that is proportional to a rate 
of change of a variable magnitude control member 
signal. 

5. A remote controller of claim 1 including means in 
15 said controller or in said ventilator for adjusting the 

sensitivity between the signal provided by said con- 
trol member and the resulting control action in the 
ventilator. 

20 6. A remote controller of claim 5 wherein said control 
member provides a signal having a magnitude 
range and wherein said adjusting means alters the 
sensitivity over the magnitude range of the signal. 

25 7. A remote controller of claim 1 including means in 
said controller or in said ventilator for establishing 
desired properties of linearity-non linearity between 
the signal provided by said control member and the 
resulting control action in the ventilator. 

30 

8. A remote controller of claim 7 wherein said control 
member provides a signal having a magnitude 
range and wherein said linearity-non linearity estab- 
lishing means alters the linearity-non linearity prop- 

35 ertles over the magnitude range of the signals. 

9. A remote controller of claim 1 wherein said control 
member includes means for providing a signal in ac- 
cordance with an applied force. 

40 

10. A system suitable for use with medical apparatus, 
the system employing a signal indicative of a pa- 
rameter relating to the apparatus or to a patient as- 
sociated with the apparatus, the system providing 

45 a tactile feedback of the parameter to a user remote 
from the apparatus, said system comprising: 

feedback means suitable for being placed in 
contact with a selected body portion of the user 
so for generating a tactile sensation that can be 

experienced by the user; and 
communication means placing the feedback 
means in communication with the medical ap- 
paratus in a manner that allows the user, when 
55 in contact with said feedback means, to be dis- 

tant from the medical apparatus and to move 
about the apparatus and patient to a desired 
location, said communication means communi- 
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eating the signal indicative of the parameter to 
said feedback means, 

said feedback means employing said parame- 
ter signal to generate a tactile sensation to the 
body of the user corresponding to the parame- s 
ten 

11. A system of claim 10 Including means in said sys- 
tem or in said medical apparatus for adjusting the 
sensitivity between the parameter signal from the 10 
apparatus and the resulting tactile sensation gen- 
eration. 

12. A system of claim 11 wherein the apparatus pro- 
vides a parameter signal having a magnitude range is 
and wherein said adjusting means alters the sensi- 
tivity over the magnitude range of the signal. 

13. A system of claim 10 including means in said sys- 
tem or In said medical apparatus for establishing 20 
desired properties of linearity-non linearity between 
the parameter signal from the apparatus and the re- 
sulting tactile sensation generation. 

1 4. A system of claim 1 3 wherein the parameter signal 25 
has a magnitude range and wherein said linearity- 
non linearity establishing means alters the linearity- 
non linearity properties over the magnitude range 

of the signal. 

30 

1 5. A system of claim 1 0 wherein said feedback means 
is further defined as suitablef or being placed In con- 
tact with the hand of the user and includes a trigger 
for being placed in contact with the fingers of the 
user, said feedback means including an actuator for 35 
said trigger operable by said parameter signal. 

16. A system of claim 10 wherein said communication 
means communicates a plurality of signals indica- 
tive of parameters to said feedback means and 40 
wherein said feedback generates tactile sensations 

to the body of the user incorporating a plurality of 
parameter signals. 

17. A system of claim 1 0 further including second feed- 4s 
back means suitable forbeing placed incontact with 

a selected body portion of a further user for gener- 
ating a tactile sensation that can be experienced by 
the further user; said second feedback means being 
in communication with one of said feedback means so 
or the medical apparatus to provide a tactile sensa- 
tion to the further user corresponding to the tactile 
sensation generated by said feedback means. 

1 8. A system of claim 1 0 wherein said system provides ss 
a tactile feedback of a parameter comprising at 
least one of patient airway pressure, patient breath- 
ing gas flow, patient tidal volume, patient pulse rate, 



patient blood pressure, and patient arterial blood 
oxygen saturation. 

19. A remote control and tactile feedback system for 
medical apparatus, the system allowing an operator 
to move about the medical apparatus or patient 
while controlling the apparatus and receiving a tac- 
tile feedback of a parameter, the system employing 
a signal indicative of a parameter relating to the ap- 
paratus or to a patient associated with the appara- 
tus, said system comprising: 

control means actuatable by an operator to pro- 
vide a control signal for carrying out a control 
action in the medical apparatus; 
feedback means suitable for being placed In 
contact with a selected body portion of the user 
for generating a tactile sensation that can be 
experienced by the user; and 
communication means placing the control 
means and feedback means in communication 
with the medical apparatus in a manner that al- 
lows the operator to move about the apparatus 
and patient and to be at a distance from the ap- 
paratus, said communication means communi- 
cating the control signal to the medical appara- 
tus to control the apparatus, said communica- 
tion means communicating the signal indicative 
of the parameter to said feedback means, 
said feedback means employing said parame- 
ter signal to generate a tactile sensation to the 
body of the user corresponding to the parame- 
ter. 

20. A system of claim 11 or 19 wherein said feedback 
means includes actuator means for generating a 
force on the selected body portion of the user. 

21. A system of claim 20 wherein said actuator means 
comprises an electrical or a fluid operated actuator 
means. 

22. A system of claim 20 wherein said actuator means 
comprises a linear actuator means or a rotary actu- 
ator means. 

23. A system of claim 1 9 for controlling the flow of 
breathing gases to a patient wherein said controller 
is further defined as including means to carry out a 
control action of providing a breathing gas flow 
magnitude to the patientthatis proportional to a rate 
of change of a variable magnitude control member 
signal. 

24. A remote controller of claim 1 or a system of claim 
19 wherein said control member/means includes a 
displaceable, signal generating element for provid- 
ing the signal. 
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25. A remote controller of claim 24 wherein said control 
member is suitable for being placed in the hand of 
an operator and has a trigger member connected 
to a signal generating element for providing the sig- 
nal. 

26. A remote controller or a system of claim 24 wherein 
said element Is a switch or variable resistance 
means. 

27. A system of claim 1 9 wherein said control means 
and feedback means comprise a common element. 

28. A system of claim 27 wherein said common element 
is further defined as suitable for being placed in con- 
tact with the hand of the user and Includes a trigger 
for being placed in contact with the fingers of the 
user, said feedback means including an actuator for 
said trigger operable by said parameter signal. 

29. A remote controller of claim 1 or a system of claim 
10 or 19 further including a display for displaying 
information for a user. 

30. A system of claim 19 including means in said sys- 
tem or in said ventilator and for adjusting the sen- 
sitivity between the control or parameter signal and 
the respective resulting control action in the venti- 
lator or tactile signal generation. 

31 . A system of claim 30 wherein at least one of said 
signals has a magnitude range and wherein said 
adjusting means alters the sensitivity over the mag- 
nitude range of the signal. 

32. A system of claim 1 9 including means in said sys- 
tem or in said ventilator and in communication with 
said communications means for establishing de- 
sired properties of linearity-non linearity between 
the control or parameter signal and the respective 
resulting control action in the ventilator or tactile 
sensation generation. 

33. A system of claim 32 wherein at least one of said a 
signals has a magnitude range and wherein said lin- 
earity-non linearity establishing means alters the 
linearity-non linearity properties overthe magnitude 
range of the signal. 

34. A remote controller of claim 1 or a system of claim 
19 wherein said communication means comprises 
a cable. 

35. A remote controller of claim 1 or a system of claim 
1 9 wherein said communication means comprises 
a telemetry link. 

36. A system of claim 1 9 for controlling the flow or pres- 



sure of breathing gases to a patient and wherein 
said control means is further defined as providing a 
breathing gas flow control signal or a breathing gas 
pressure control signal. 

5 

37. A system of claim 19 wherein said system gener- 
ates a tactile sensation of a parameter comprising 
one of patient airway pressure, patient breathing 
gas flow, patient tidal volume, patient pulse rate, pa- 
re tient blood pressure, and patient arterial blood ox- 
ygen saturation. 

38. A system of claim 19 wherein said communication 
means communicates a plurality of signals indica- 
te tive of parameters to said feedback means and 

wherein said feedback generates tactile sensations 
to the body of the user incorporating a plurality of 
parameter signals. 

20 39. a remote control and tactile feedback system for a 
respiratory ventilator, the system allowing an oper- 
ator to move about the ventilator or patient while 
controlling the ventilator and receiving a tactile 
feedback of a parameter, the system employing a 

25 signal indicative of a parameter relating to the ven- 
tilator or to a patient associated with the apparatus, 
said system comprising: 

a member suitable for being placed in the hand 

30 of the operator and having a trigger connected 

to a signal generator to provide a control signal 
for carrying out a control action In the ventilator, 
said member having actuator means for oper- 
ating said trigger to generate a tactile sensation 

35 that can be experienced by the user; and 

communication means placing the signal gen- 
erator and actuator in communication with the 
ventilator in a manner that allows the operator 
to move about the apparatus and patient and 

40 to be at a distance from the apparatus, said 

communication means communicating the 
control signal to the ventilator to control the ap- 
paratus, said communication means communi- 
cating the signal indicative of the parameter to 

45 said actuator to generate a tactile sensation to 

the body of the user corresponding to the pa- 
rameter. 
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